Introduction
The function of keeping water and soil in the southern mountainous area in Ji'nan plays an important role in the development and utilization of water resources in Ji'nan. Because of steep slop,barren soil, small vegetation coverage and the destructive effect from a large number of development projects on soil in recent years, the degree of soil erosion has been intensified. The complex and varied topography and geomorphology of mountainous area is the key factor influencing the characteristics of runoff and sediment from hill slope,and slope gradient is one of the important topographic factors affecting runoff and erosion of slope [1] [2] [3] . The study analyzed the effects of different slope gradient on the surface runoff and soil erosion under the natural rainfall condition in differrnt runoff plots, to provide scientific reference for comprehensive control of soil and water conservation of Ji'nan and other basins.
Basic Situation of Runoff Plots
For researching the characteristics of soil erosion in southern mountain area of Ji'nan City, the Bureau of Hydrology built five runoff plots with 5 degrees, 10 degrees, 15 degrees, 20 degrees and 25 degrees in Jixi Soil and Water Conservation Monitoring Experiment Station in 2013.The slops are to the north, its projection length are 10m and the width are 5m. The laying soil is cinnamon soil from southern mountainous areas, and its thickness is 50cm. These plots are planted with 4 kinds of grass including trifolium repens, ryegrass, bermuda grass and festuca arundinaceain in June 13, 2013, we try to avoid human interference in the process of plant growth. And in 2015, low shrub (Vitex, Lespedeza) were added after herbaceous vegetation covered stably to form the artificial runoff plots with the combination of grass and shrub.
Data Acquisition and Research Methods
Runoff plots were used to the experiment in June 1, 2014, and a total of 10 runoff generation from 2014 to 2015 were monitored. Runoff yield were measured at the end of rainfall and runff, sediment sampling was carried out at the same time. And then, the runoff yield was converted into runoff depth according to the projected area. Sediment in each plot were taken for 2 times repeatedly, the weight of dry sand were determined using drying method and calculated the sediment concentration and the amount of soil erosion [4] [5] . Precipitation, air temperature, soil temperature and soil moisture data were obtained from automatic weather station on the side of the runoff plots, data is recorded once per 15min.
Based on the correlation analysis between the characteristics of runoff and sediment at five different kinds of slops and the characteristics of corresponding rainfall and vegetation, the characteristics of soil and water loss under changing slope were deeply discussed. This study selected the characteristic factors of rainfall intensity, the amount of rainfall and vegetation coverage, conducted comprehensive analysis of the response features of soil erosion under different slope changes in various factors to explorate the main influencing factor which lead to soil erosion. The changing characteristics of the amount of runoff and soil erosion with increasing slope were analyzed based on the 10 times production process of runoff and sediment in flood season.
Results and Analysis
Effect of Different Slope on Runoff. The rainfall and underlying surface conditions of runoff plots with different slopes are consistent in the previous runoff process, so the main factor affecting runoff is slope gradient. The effect of slope gradient on runoff and sediment yield is mainly affected by rainfall infiltration. Under the same rainfall conditions, if the slope gradient increaes, the runoff yield will also raise because the increasing water velocity of slope and the weakening infiltration [6] [7] [8] . Among the 10 process of rainfall runoff, the minimum runoff depth appeared in 10 degrees plot 2 times , the 5 times appeared in the area of 5 degrees, the maximum depth of runoff occurred in the 20 degrees 9 times, there is 1 time appearing in the 25 degrees. Therefore, we can know about that there is a positive correlation between runoff depth and the slope gradient. In 5 degrees and 10 degrees slope, the effect of infiltration is obvious and it is not easy to generate runoff. While in the 20 degrees slope, it is prone to cause runoff yield under excess infiltration phenomenon because the gravity component perpendicular to the slope of rainfall and runoff become less, the flow rate increases, and the infiltration weakens. According to the analysis about the data during 2014-2015, the maximum runoff gradient is 20 degrees. The test results are shown in Fig.1 . Effect of Different Slopes on Soil Erosion. The rainfall and underlying surface conditions of runoff plots with different slope are consistent in the soil erosion process, so the main factor affecting soil erosion is slope change. On the stable slope, with the slope gradient increasing, the soil erosion increases with the increase of runoff rate, but the raindrop splashing erosion force weakens which makes the quantity of erosion decrease [9] [10] . In this study, through the analysis of the results of rainfall runoff in 2014, we can know that: soil erosion increased with slope gradient; the maximum erosion quantity appeared at 20 degrees or 25 degrees slope, the minimum value appeared in the slope of 5 degrees; In July 2nd, the amount of soil erosion with the slope variation are contrary to others, this is because the runoff plots begain to conduct repeated sprinkler irrigation in early July after artificial seeding in June 13th, the soil is bare and it leads to physical crust of soil surface after irrigation. In 2015, soil erosion increased with the slope increasing except for the test in August 24th which didn't produce sediment yield. The maximum erosion amount appeared at 20 degrees, and the minimum value appeared at the slope of 5 degrees. The results of soil erosion after rainfall runoff are shown in Fig.2 . Effects of Rainfall Characteristics on Soil Erosion. The degree of soil erosion is different under different rainfall characteristics including the total precipitation, average rainfall intensity and I 30 (maximum rainfall intensity in 30min ). This study made a comparative analysis between the average values of runoff depth under five slopes and the corresponding values of rainfall characteristics in each test. The results showed that the variation of runoff depth was consistent with the rain intensity, and partly consistent with the change trend of the total precipitation and I 30. Therefore, these experiments show that rainfall intensity plays a key role in the change of runoff depth. Correlation between runoff and rainfall characteristics are shown in Fig.3 . In addition, this study made a comparative analysis between the average values of soil erosion amount under five slopes and the corresponding values of rainfall characteristics in each test. The results showed that the amount of soil erosion increasesd with the increasing of rainfall intensity, total precipitation and I 30 in the early stage, and then its change trend was consistent with the trend of rainfall
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intensity after the maximum value appeared (Fig.4) . Therefore, the correlation between soil erosion and rainfall intensity is the strongest, which is not related to other factors. 
Conclusions
Through the analysis of the effect of different slopes factors (5 degrees, 10 degrees, 15 degrees, 20 degrees and 25 degrees) on runoff and sediment yield, soil loss characteristics of slope were studied in mountainous area of southern Ji'nan, we can draw the following conclusions:
(1)In the early stages of the runoff plots construction, the soil was loose and bare, and soil erosion rate increased with the decrease of the slope. So we should pay attention to the protection of bare slope. With the stability characteristics of soil, runoff and soil erosion of 5 degrees and 10 degrees slope became small, and the maximum depth of runoff and soil erosion occurred mainly in the 20 degrees slope, followed by 25 degrees slope. Therefore, 20~25 degrees slops can be regarded as the critical gradient of soil erosion in the mountainous area of southern Ji'nan.
(2)Through comparative analysis of the average runoff depth and the soil erosion yield in different slopes, the results show that the depth of runoff has good correlation with the average rainfall intensity, and the change tendency is consistent with the total precipitation and I 30 only in part of tests; Soil erosion and rainfall intensity has a certain relevance and the correlation with the total precipitation and I 30 is not obvious.
(3)Based on two times of rainfall with similar intensity, runoff and sediment content under different underlying surface conditions were analyzed. Results show that runoff depth and soil erosion decrease with the increase of vegetation coverage, and vegetation has important significance for soil and water conservation.
